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1.0 Introduction

ThisNoise Technical Repastmmarizes thaircraftnoiseanalysisn support ofBoeing FieldBF) Master
Plan UpdateTheobjective of this study is tanalyze existingonditions(year2018) andhree future year
scenariodor 2023 and 203%0 determine the noisexposure levelselatedto the proposedMaster Plan

For the purposes of this analysis, the aircraftated nose exposure islescribed using noise contours

LINBLI NER gA0GK (GKS CSRSNIft ! GAFLGAZ2Y | RYAYAERTHI NI GA 2y
Version3b, in compliance witi4 CFR Part 158irport Noise Compatibility PlanningAA Order 1050.1F

and FAA Order 5050.4fBe National Environmental Policy Act (NEPA) Implementing Instructions for

Airport Actions 42 U.S.C. 4332(2)(c), 49 U.S.C. 303, 23 U.S.C. 138, and the Council on Environmental
Quality (CEQ) guidelines.

2.0 Noise and Effects on People
The followingsectionprovides basic information on noise and its characteristeglthe effects of noise
on people

2.1 Characteristics of Sound

Sound can be described in terms of amplitudaufiness), frequency (pitchand duration (time). The
standard unit of measurement of the loudness of sound is the decibel (dB). Decibels are based on the
logarithmic scale. The logarithmic scale compresses the wide range in sound pressure levels to a more
usable range of numbers inmanner similar to the Richter scale used to measure earthquakes.

The human hearing system is not equally sensitive to sound at all frequencies. Sound waves below 16 Hz

are not heard atalbutk N aFStGé Fa I+ @Ao0 NI GA 2iyely senditikeidafing NI & = ¢
can hear sounds as high as 20,000 Hz, most people cannot hear above 15,000 Hz. In all cases, hearing
acuity falls off rapidly above about 10,000 Hz and below about 200 Hz. Since the human ear is not equally
sensitive to sound atlefrequencies, a frequenegependent rating scale has been devised to relate noise

to human sensitivity. The-Weighted decibel scale (dBA) performs this compensation by discriminating

against frequencies in a manner approximating the sensitivity ohthrean ear. Community noise levels

are measured in terms of the-eighted decibel abbreviated dB¥ dB

2.2 Propagation of Noise

Outdoor sound levels decrease as a result of several factors, including distance from the sound source,
atmospheric absorption (characteristics in the atmosphere that absorb sound), and ground attenuation
(characteristics on the ground that absorb sound). If sound is radiated from a source in a homogeneous
and undisturbed manner, the sound travels in spbarivaves. As the sound wave travels away from the
source, the sound energy is spread over a greater area dispersing the sound power of the wave.

Temperature and humidity of the atmosphere also influence the sound levels received by the observer.
The infuence of the atmosphere and the resultant fluctuations increase with distance and become
particularly important at distances greater than 1,000 feet. The degree of absorption depends on
frequency of the sound as well as the humidity and air temperatiier example, when the air is cold

and humid, and therefore denser, atmospheric absorption is lowest. Higher frequencies are more readily
absorbed than the lower frequencies. Over large distances, lower frequency sounds become dominant
as the higher fregencies are attenuated.
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2.3 Noise Metrics

The analysis and reporting of community noise levels around commurhitissto account forthe
complexity of human response to noise and the variety of noise metrics that have been developed for
describing noie impacts. Each of these metrics attempts to quantify noise levels with respect to
community response.

Noise metrics can be divided into two categories: single event and cumulative. Single event metrics
describe the noise levels from an individual evemth as an aircraft flyover. Cumulative metrics average
the total noise over a specific time period, which is typically from one thd#s for community noise
levels. This study presertisth singleeventand cumulative noise modelingsults.

Maximum Noise LevelLmay is the peak sound level during an aircraft noise event. The metric only
accounts for the instantaneous peak intensity of the sound, and not for the duration of the event. As an
aircraft passes by an observer, the sound level increfmsasnaximum level and then decreases. Typical
single event noise levels range from over 90 dBA close to the airpd@0-&D dBA at more distant
locations.

Sound Exposure Level (SHt)calculated by summing the decibel levels during a noise event and
compressing that noise into one second. The SEL value is the integration of all the acoustic energy
contained within thenoiseevent(for example, an aircraft overflight or automobile pdsg. This metric
considersboth the maximum noise level of the event and the duration of the event. For aircraft flyovers,
the SEL value is approximately 10 dB higher than the maximum noise level.

Day-Night Average SoundL.evel DN is a measure of twentjour hours andapplies a weilting factor
which places greater significance on noise events occurring during the night iNits a 24hour, time-
weighted average noise level based on thavéighted decibel. Timeveighted refers to the fact that
noise which occurs during certagensitive time periods is penalized for occurring at these times. The
night time period (10 p.m. to 7 a.nis)penalized by 10 dB. This penaltgsselected to attempt to account

for increased human sensitivity to noise during the quieter period of a whgre sleep is the most
commonactivity. DNLlevels near airports range frodNL75 dBon airport propertyto belowDNL45dB

at more distant locations.

3.0 Noise Regulations and Policies

The noise analysis was conductéd compliance with14 CFRPart 150Airport Noise Compatibility
PlanningFAA Order 1050.1Bnd FAA Order 5050.4Bhe thresholds for significant aircraft noise impact

are defined using the DNL metric. According to the Land Use Guidance Table in 14 CFR Part 15B DNL 65
is the threshold to determine land use compatibility for noisensitive land uses (e.g., residescxhoos,

places of worship, etc.). In general, commercial, industrial, and outdoor recreation land uses are
compatible with aircraft noise.

4.0 Existingand Futire Noise Conditions

The existing aircraft noise environmeat BFlwas evaluated based upon thmodeling of theaircraft
operations in 208. This section of the report provides a description of the data and assumptions used to
develop the noisexposure map for 2@existingconditionsand future year2023 and2035 conditions

For this analysiglata frommultiple sources were used, including:
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FAASystem Wide Information Managemer@WIM radar data(January2018- December2018
FAA Traffic Fle Management System Counts (TFMSC) operstéo fleet mixdata

FAA Operations and Performance Data (OPSNET) tower counts

FAATerminal Area Forecast (TAR)ta

1 Airport Master PlartupdateForecasts

= =4 =4 =4

Runway utilizationand day/night distributionwere estimated based upon an analysis of annual aircraft
operationaldataand radar tracksollectedthrough the FAA data sources listed above

The AEDT requires a variety of operational data to model the noise environment anuiigort. These
data include the following information, which are discussed in detail in the following paragraphs:

91 Aircraftactivity levels
Aircraftfleet mix

Time ofday

Stage length
Runwayutilization
Flightpathsand tilization

=A =4 =4 =4 =4

4.1 Existing Conditios Aircraft Activity

Activity levels for 2018 Existing ConditionB&tiwere derived from the sources listebovein Section
4.0. The specific data for aircraft types, time of day, runway use, and flight tracks foreRi3ti@g
conditions are discussed in this section.

4.1.1 AircraftOperations

As shownbelow in Tablel, there were183,4020perations at the Airporin 2018 an average 0602
operations per day An operation is one takeoff or one landing. As indicated by the table, the largest
number of operations was conducted dingle engine pistoaircraft mosty conducted bytraining arcraft

(i.e., touch and go operationshat accounted for 108,170 operations, or 59% of operatid@s note,
commercialscheduledoperationsare those byKenmore Air which utilize a Cessna Caravan, a turbo
propeller aircraft unscheduled operations aoperated by turbojet and turbo propeller aircraft, including
JSX (Jet SuiteX) that operate Embraer turbojet aircraft

The Boeing Company has a manufacturing facility at BFI with associated aircraft testing activities; aircraft
activity related to this manfiacturing facility account for 4,281 flights in 2018, or approximately 12 daily
flights. There is also a robust corporate jet component at BFI, representing 29,482 flights in 2018, or
approximately 80 daily flights.
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Tablel ¢ Operations byAircraft Category2018Existing Conditions

Category Annual Operations

Commercial(Scheduledand

Non-Schedulejl 3,718
Boeing Jets 4,281

Air Cargo 13,664
Business Jets 29,482

Air Taxi 22,893
PistonProp 108,170
Military 1,194
Grand Total 183,402

SourceMaster Plan2019
412 Fleet Mix
Table2LINS&ASyGa GKS 2LISNIGA2ylFt RFEGF F2N) wnmy dzaSR iz
detailed fleet mix and operations by time of day for each type of aircraft used in the AEDT noise model
during 2018. As shown, this table lists the specificraft in the 2018 fleet mix as well as identifies the
AEDT category for each aircraft type.

There are several aircraft operating the in the BFI fleet that are unique to this airport. For example, cargo
operators based at BFI operate several modelsadmaharrow body aircraft that have been largely retired

elsewhere. The existing operations (and the forecast for 2023 and 2@36)le Boeing B27 and D®

aircraft; the operators of these narrow body air cargo fleets at BFI do not have plans for repiece
0S0IdzaS GKS NBtlFIdiA@Ste f2¢ aqaitt KSAIKGE 2F (K
loading/unloading operations at the airpofthe majority of the cargo operations are conducted by UPS

with Boeing Br57 and B767 aircraft, as well as Amp Airlines with Cessna Caravan aircratt.

In addition to aircraft type, the time of day an operation occurs can affeetDNL contours due to the
nighttime 10dB penalty applied from 10:00pm to 7:00am. In this study, the approximate percentage of
flights occurring during nighttime hours throughout the year was &%4r. a given aircraft category, this
percentage varies, as commercial and cargo jet operations agooue than 8% at night and general
aviation and piston aircraft operations occur less than 8#igiit annually.



FINAL

Table2 ¢ Fleet Mixfor 2018Existing Conditions

Source: BridgeNet Internation@02Q Master Plan, 2019

s 2018
Category AEDTID AEDT Description Operations
Commercial Service
Kenmore Air CNA208 Cessna 208 Caravan 1,857
Scheduled [Total] 1,857
Commercial Service A319-131 Airbus A319-100 Series 95
Non-Scheduled A320-211 Airbus A320-200 Series 58
A321-232 Airbus A321-200 Series 22
A330-301 Airbus A330-200 Series 37
737300 Boeing 737-300 Series 251
737400 Boeing 737-400 Series 609
MD83 Boeing MD-83 126
CL600 Bombardier CRI-100 16
CL600 Bombardier CRI-200-LR 42
CRJ9-LR Bombardier CRJ-700-LR 123
DHC830 Bombardier de Havilland Dash 8 Q400 134
EMB145 Embraer ERJ145 123
EMB170 Embraer ERI170-LR 37
EMB175 Embraer ERI175 43
EMB175 Embraer ERI175-LR 9
EMB190 Embraer ERI190 135
Non-Scheduled [Total] 1,861
Boeing Operations 737MAX8 Boeing 737 MAX 7 92
737MAX8 Boeing 737 MAX 8 353
737700 Boeing 737-700 Series 216
'7'37800 Boeing 737-800 Series 2,681
737800 Boeing 737-900-ER 356
767CF6 Boeing 767-200 Series 506
767CF6 Boeing 777-200-ER 11
777200 Boeing 777-200-LR 25
7773ER Boeing 777-300 ER 4
777300 Boeing 777-300 Series 4
7878R Boeing 787-8 Dreamliner 9
7878R Boeing 787-9 Dreamliner 25
Boeing [Total] 4,281
Air Cargo A300-622R  Airbus A300F4-600 Series 97
747208 Antonov 124 Ruslan 2
727EM2 Boeing 727-200 Series 31
747400 Boeing 747-400 Series 12
"747400 Boeing 747-400 Series Freighter 2
"7478 Boeing 747-800 Series 8
757RR Boeing 757-200 Series 1,705
11673()0 Boeing 767-300 Series 2,931
DC910 Boeing DC-9-10 Series 44
MD11PW Boeing MD-11 320
DHCE C-26A 344
CNA208 Cessna 208 Caravan 3,578
CNA441 Cessna 441 Conquest Il 147
CVR580 Convair CV-580 13
EMB120 Embraer EMB120 Brasilia 2,688
DHC6 Fairchild SA-227-AC Metro lIl 1,632
DHC6 Mitsubishi MU-2 110
Air Cargo [Total] 13,664
Air Taxi (All) (All)
Air Taxi [Total] 24,339
General Aviation (All) (All)
Corporate Jet
Corporate [Total] 28,036
General Aviation (All) (All)
Recreational/Training
Recreational/Training [Total] 108,170
Military 737800 BOEING 737-800 Poseidon 161
CH47D Boeing CH-46 Sea Knight 13
F-18 Boeing F/A-18 Hornet 79
A37 Cessna T-37 Tweet 158
C130 Lockheed C-130 Hercules 38
CNA208 North American T-6 Texan Il (FAS) 580
FSAB Northrop F-SE/F Tiger II 9
T-38A T-38 Talon 147
Military [Total] 1,194
Grand Total 183,402

August 4, 2020

Note: Totals are subject to roundirg- 1 operation. Air taxi and general aviation at@wn only asubtotalsto save space.
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4.1.3 Departure Stage Lengt
Aircraft departures were grouped within the following five stage length categories:

1 Departure stage length 1: 0 to 500 nautical m{igeat circle distancg
91 Departure stage length 2: 501 to 1,000 nautical miles

91 Departure stage length 3: 1,001 to 1,500 nautical miles

1 Departure stage length 4: 1,501 miles to 2,500 nautical miles

1 Departure stage length 5: 2,501 nautical milegater

An aircraft with a short stage length is assumed to be carrying less fuel, passengers, and cargo than an
aircraft with a long stage length. Aircraft with longer stage lengths are assumed to be heavier, with longer
stage lengths requiring more fuebtage length impacts noise levels because weddfacts aircraft
performanceand resultinghoise levels.

414 Runway Use

An additional consideration in developing the noise exposure contours is the percentage of time each
runway is utilized. The spdeand direction of the winénd other operational factordictate the runway
direction that is utilized by an aircraft. From a safety standpoint it is desirable, and usually necessary, to
arrive and depart an aircraft into the wind. When the wind directitianges, the operations are shifted

to the runway end that favors the wind direction.

Table 3shows the runway use percentage as based on the runwaycasgiled from the abowve
referenced FAA data sourcess a part of the noise analysis, runway assumptions were confirmed
with a spatial analysis of the radar tragikometryfor each category of aircraffhe annual 2018 runway
usewas assesseusing the full year of radar track data

1 Great circle distance is the shortest distance between any two points osutiace of the earth.
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Table3 ¢ RunwayUtilization, Existing Condition2018

August 4, 2020

ARRIVALS
Category 14L 14R 32L 32R H1 H2 Total
Kenmore Air 59% 65.0% 29.1% 100%
Non-Scheduled 19% 79.2% 18.0% 1.0% 100%
Boeing 70.9% 29.1% 100%
Air Cargo 15% 68.4% 29.8% 0.2% 100%
Air Taxi 1.1% 73.7% 25.2% 100%
Corporate 0.7% 69.9% 29.3% 100%
Recreational/Training 22% 59.1% 356% 0.4% 24% 0.3% 100%
Military 74.6% 24.5% 0.9% 100%
All Arrivals 15% 66.4% 30.8% 0.2% 0.9% 0.1% 100%
DEPARTURES
Category 14L 14R 32L 32R H1 H2 Total
Kenmore Air 3.2% 66.6% 27.8% 2.4% 100%
Non-Scheduled 3.7% 68.1% 26.4% 1.8% 100%
Boeing 75.3% 24.7% 100%
Air Cargo 15% 70.9% 26.2% 1.4% 100%
Air Taxi 1.1% 70.7% 27.4% 0.8% 100%
Corporate 0.9% 73.3% 25.2% 0.6% 100%
Recreational/Training 24% 54.6% 34.3% 3.5% 4.9% 0.3% 100%
Military 14% 80.4% 159% 0.9% 1.4% 100%
All Departures 16% 65.0% 293% 19% 2.0% 0.1% 100%

Source: BridgeNet Internationa020

Note: Totals and percentages are subject to roundihg/- 0.1% Blank cell indicates 0%.

415 Flight Paths and Flight Path Utilization

The identification of the location and use of the flight trackss based upon radadata provided by the
airport. Radar trackérom October 2017 to September 20¥8re used in the development of the AEDT
flight paths A sample of over 22,000 flight tracks wiasived from all of the flight paths flown throughout

the year.

4.2  Existing Conditiondoise Exposure

The compiled data as described in the preceding sestvasdza S R
model for the calculation of noise in the airport environs. Thid¢Lcontours do not represent the noise
levels present on any specific day; rathtéirey represent the daily energgverage of all 365 days of
operation during the year. The noise contour pattern extends from the Airfrorn the runway end,
reflective of the flight tracks used. The relative distance of the contours from the Aajomg each route

is a function of the frequency of use of each runway for total arrivals and departures, time of day, and the

type of aircraft assigned to it.

~

a

Ay Lddzi
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Based upon the operational conditions presented previoll contours were developed. The etiigy
conditionsnoise exposure contours are presentedHigurel. This figure presents thBNL 55, 60, and
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65dB noise exposure contourdlable 4 summarizes noise exposure for ZEXxisting ConditionsAs
shown, there ar&14persons located within the DING5 dB and higher noise contour; however, there are
no persons located in areas with a DNL greater than 70 dB.

Table4 ¢ Summaryof Noise Exposur@018 Existing Conditions

Category Noise Level Range (DNL)
>55dB >60dB >65dB >70dB >75dB
Population Counfpersons) 18,365 3,588 214 0 0
Land Areadcres) 6,717 2,456 937 409 218

Source: AEDT versio8b, 2020 U.S. Census 2010

43 Future Year Noise Condition¥ear 2023 and 2035

The future noise environment f@Fwas analyzed based upgerar2023and 20% operational conditions
as compared to existing conditions in 20IBhe aircraft operational leveland fleet mix were€rom the
approved aviation forecast from the ongoing Master P@pdate Table 5shows a summary of the
forecast data and'able6 shows thedetailed fleet mix datdor the two future years.

Table 5¢ Forecast Operations by Aircraft Category

Annual Operations
Category 202_3 2023 203_5 2035
Operations Change from Operations Change from
Forecast 2018 Forecast 2018

Commercia(Scheduled
and NonSchedulell 4,159 +441 5,178 +1,460
Boeing Jets 5,747 +1,466 6,819 +2,538
Air Cargo 13,296 ¢ 368 15,052 +1,388
Business Jets 30,537 +1,055 39,208 +9,726
Air Taxi 24,918 +2,025 34,076 +11,183
Piston Prop 75,881 ¢ 32,289 68,756 (39,414
Military 1,701 +507 1,867 +673
Grand Total 156,239 ¢ 27,163 170,955 ¢ 12,447

SourceMaster Plan, 2019
Note: Subject to rounding of +1 operation.

10
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Table6 ¢ ForecastFleet Mixfor Yeais 2023 and 208

Source: BridgeNet Internation&02Q Master Plan, 2019
Note: Totals are subject to rounding-4/ operation. Air taxi and general aviation are shown only as subtotals to save space.
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